AspergiUlus oryzae fermentation extract (Amaferm) was evaluated for its ability to influence degradation of brome grass and switchgrass fiber fractions by mixed ruminal microorganisms in vitro. Addition of Amaferm at a concentration of 0.067 mg/ml, which is approximately the concentration found in the rumen ecosystem (0.06 mg/ml), increased the degradation of brome grass neutral detergent fiber (NDF) by 28% after fermentation for 12 h (P < 0.01), but had no effect after fermentation for 24 or 48 h. The levels of degradation of both the cellulose and hemicellulose fractions were increased after fermentation for 12 h (P < 0.01). Additions of 0.08 and 8% (vol/vol) Amaferm filtrate (12.5 g/100 ml) stimulated degradation of switchgrass NDF by 12 and 24% (P < 0.01), respectively, after fermentation for 12 h; when 80% filtrate was added, degradation was decreased by 38%. The concentrations of total anaerobes in culture tubes containing 80%o filtrate were 5 times greater than the concentrations in the controls; however, the concentrations of cellulolytic organisms were 3.5 times lower than the concentrations in the controls (P < 0.05). These results suggested that the filtrate contained high concentrations of soluble substrate which did not allow the celHulolytic organisms to compete well with other populations. The remaining concentrations of esterified p-coumaric and ferulic acids were lower at 12 h in NDF residues obtained from fermentation mixtures supplemented with Amaferm. Because the total anaerobes were not inhibited in fermentation mixtures containing Amaferm, antibiotics are unlikely to be involved as a mode of action for increasing NDF degradation. The possibility that Amaferm contains enzymes (possibly esterases) that may play a role in stimulating the rate of fiber degradation by mixed ruminal microorganisms by removal of plant cell wall phenolic acid esters is discussed.
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The effect of feeding microbial cultures or extracts of microbial cultures to ruminant animals has been reviewed recently (16) . Interest in such studies originates from concern about feeding subtherapeutic levels of antibiotics to animals and the potential adverse affects generated by these compounds. Aspergillus oryzae fermentation extract and Saccharomyces cerevisiae cultures have most commonly been fed to animals to promote desired responses, such as increased weight gain, milk production, or total tract digestibility of feed components. Enhancement of these responses has been mixed (5, 8, 30, 31) . Some data have indicated that significant improvements in the digestibility of fiber fractions can be achieved when A. oryzae extract is fed to ruminants (7, 26) ; this coincides with an increase in the number of cellulolytic bacteria in the rumen (30) .
Data on the effects of these supplements from in vitro studies performed with mixed ruminal microorganisms have also been inconclusive (16) . However, the results of several studies have indicated that the concentrations of cellulolytic bacteria increase when in vitro samples are supplemented with A. oryzae extract (18, 19) . Newbold et al. (19) also concluded that increases in the levels of fiber digestion by animals fed A. oryzae extract are most likely due to stimulation of bacterial activity rather than fungal or protozoan activity in the rumen. Martin and Nisbet (16) (27) . Three 0.5-g samples of each substrate at each time period were placed in 50-ml plastic culture tubes with screw caps.
Each tube received 24 ml of buffer (17) Statistics. Fiber digestibility data were analyzed by using a completely randomized design. Means were compared by the F-protected (P < 0.05) least-significant-difference method using SAS (24) . RESULTS Our initial experiments were performed to determine whether Amaferm affected degradation of plant cell wall components when it was added to an in vitro system at concentrations which approximated those in the rumen. Assuming that a 50-liter rumen received 3 g per day, which is the manufacturer's recommended feeding level for a lactating cow, the equivalent amount in a 30-ml working volume culture tube was 1.8 mg. This value was not adjusted for the fivefold dilution of microbial mass in our in vitro fermentation mixtures (6 ml of rumen fluid in 24 ml of buffer) compared with a rumen. Amaferm was added at a concentration of 2 mg/30 ml (0.067 mg/ml) and also at a higher concentration, 6 mg/30 ml (0.2 mg/ml). Table 1 shows that these concentrations increased the degradation of brome grass NDF compared with the control after fermentation for 12 h but not after fermentation for 24 or 48 h. The levels of the increases were 28 and 33% (P < 0.01) for the 0.067-and 0.2-mg/ml concentrations, respectively. The levels of degradation of the hemicellulose and cellulose fractions of NDF were also increased (P < 0.01) by the addition of Amaferm (Fig. 1) .
The concentration of branched-chain acids in a 20% ruminal fluid inoculum can at times be limiting for in vitro fermentation (9) . The concentrations of isobutyric and isovaleric acids in our zero time culture tubes (20% ruminal inoculum) were 0.25 and 0.30 mM, respectively. These values are well above the minimum concentration (0.15 mM) that had a stimulatory effect on total cell wall digestion by isolated bacteria (9) . The concentrations of total or individual acids did not differ whether Amaferm was added to the culture tubes or not (data not shown). To verify the finding of Nisbet and Martin (21) that an Amaferm filtrate which retained activity could be prepared, we prepared a filtrate to examine its ability to increase the amount of switchgrass NDF degraded (Fig. 2) . After fermentation for 12 h, with the exception of a concentration of 0.0008%, increasing amounts of NDF were degraded with increasing levels of filtrate up to a concentration of 8%. At a filtrate concentration of 80%, there was a decrease (P < 0.01) in the amount of NDF that was degraded; 0.08 and 8% filtrate increased the amount of NDF that was degraded after fermentation for 12 h by 12 and 24% (P < 0.01), respectively, while 80% filtrate decreased the amount of NDF that was degraded by 38%. At 24 h most levels of Amaferm filtrate had little effect; the only exception was a filtrate concentration of 80%, which reduced the level of degradation by 47%.
To determine whether the component in Amaferm which increased NDF degradation was heat stable, we autoclaved the filtrate and compared the resulting preparation with filter-sterilized filtrate additions. At the two concentrations that we examined, 8 and 80%, the heat-sterilized filtrate gave the same responses as the filter-sterilized filtrate (Fig. 3) . Concentrations of 8% increased the levels of NDF degradation by an average of 21% (P < 0.01), while concentrations of 80% decreased the levels of degradation by 64%.
The numbers of total viable and cellulolytic bacteria were determined ( Table 2 ) from duplicate in vitro tubes in the experiment described above. When 8% filtrate was added, the total viable bacterial counts increased threefold (from 8.3 x 109 to 25.7 x 109 or 25.3 x 109 cells per ml) (P < 0.05); when 80% filtrate was added, the counts increased approximately fivefold (P < 0.05) for both the filter-sterilized and autoclaved filtrates (to 41.8 x 109 cells per ml). The cellulolytic bacterial counts increased 1.4-to 1.8-fold (P < 0.05) when 8% filtrate was added and decreased 3.5-fold (P < 0.05) when 80% filter-sterilized filtrate was added. There was little difference in the numbers of cellulolytic bacteria between the control preparation and the preparation containing 80% Amaferm filtrate when the filtrate was autoclaved.
DISCUSSION
Our data indicate that Amaferm, both in the dry product form and as a liquid filtrate, can enhance the rate of in vitro degradation of brome grass or switchgrass fiber fractions by mixed ruminal microorganisms (Table 1 and Fig. 2) . The in vitro concentration of Amaferm used in this study (0.067 mg/ml) is approximately the concentration which microorganisms may be exposed to in the bovine rumen. Stimulation of the rate, but not the extent, of forage fiber degradation confirms the results of Fondevila et al. (6) , who found that Amaferm increased the rate of straw degradation in sheep but did not alter the final extent of degradation. Table 2 , footnote a, for an explanation of Amaferm (AO) concentrations. The letters at the tops of the bars indicate statistical significance; means with different letters are significantly different (P < 0.05). tion of 0.067 mg/ml) can be added to an in vitro digestion system without an inhibitory response being observed. Only when the 80% filtrate was added was the level of NDF degradation significantly reduced (38%). Because there was no inhibitory fermentation response observed with 8% filtrate, we concluded that an agent such as an antibiotic (much like feeding subtherapeutic levels of antibiotics to animals for growth efficiency) can be excluded as a factor which may explain the enhanced rate of fiber degradation by Amaferm. This conclusion is further supported by our observation of gas pressure in the in vitro tubes when they were opened for analysis. The tubes containing the 80% filtrate had considerably higher gas pressure (greater microbial activity) than the tubes containing less Amaferm. Our conclusion is that the 80% filtrate contained a significant amount of soluble a Amaferm (12.5 g/100 ml) was extracted in McDougall's buffer and filtered; mixing 24 ml of the filtrate plus 6 ml of rumen fluid inoculum resulted in a filtrate concentration of 80% (vol/vol). The autoclaved filtrates were autoclaved before they were added to the in vitro digestion tubes. Aspergillus species are known to produce a wide variety of polysaccharidase enzymes (cellulases, hemicellulases) which could influence plant cell wall degradation (22) . The high fibrilytic enzyme content of A. oryzae is still likely the primary mode of action for improved fiber breakdown in the rumen (20) . A. oryzae is an aerobic organism and is not expected to multiply in the rumen (6) . Whether it is viable for any period of time is unknown. Recently, an esterase has been purified from A. oryzae which liberates ferulic, p-coumaric, and acetic acids from wheat straw (25) . The phenolic acids, ferulic andp-coumaric, are covalently bound to cell wall polysaccharides and may act as cross-linking agents between lignin and hemicellulose (10, 12) . The extent of cross-linking by ferulic and p-coumaric acid dimers and the esterification of feruloyl and p-coumaroyl groups to arabinoxylans have been shown to limit plant cell wall biodegradation (10, 14) . Ferulic acid esters of arabinoxylan are thought to limit the rate of fiber degradation, but are not thought to limit the extent of degradation because of naturally occurring ruminal esterases (13) . We 
